Ground water accounts for nearly 80% of the rural domestic water needs, and 50% of the urban water needs in India. Ground water gets contaminated because of anthropogenic activities. The incidence of fluoride and iron above permissible levels of 1.5 and 1 mg/L respectively occur in 14 Indian states. Various conventional methods are applied for removal of fluoride and iron but, in recent days owing to increasing eco-friendly alternatives like synthetic polymer resins are being considered. The study was focused on using polystyrene (PS) beads packed media for defluoridation and deironing of water. The removal efficiency of fluoride and iron by polystyrene beads (diameter 1.5, 4 and 8 mm) were determined for 1, 2, 3 and 4 L/min flow rates. For maximum flow rate 8 mm PS beads were efficient in reducing fluoride and iron by 94 and 90% respectively. Polystyrene beads proved to be efficient in removal of fluoride and iron.
INTRODUCTION
Water that exists in the soil mantle is called subsurface water or ground water. Around 30% of world's fresh water resource exists as ground water. Further, ground water forms a critical input for sustenance of life and vegetation in arid zones.
Ground water accounts for nearly 80% of the rural domestic water needs, and 50% of the urban water needs in India.
Ground water is also used by farmers to irrigate crops and by industries to produce everyday goods.
Most ground water is clean, but it can become polluted, or contaminated due to human activities like over drafting of aquifers leading to saltwater intrusion (most commonly in coastal regions). The other diverse human activities produce innumerable waste materials and by-products; are often disposed of or stored on land surfaces where they are percolated into the underlying soil and eventually are carried downward, contaminating the underlying ground water and therefore jeopardizing the natural quality of ground water.
Current practices can still impact ground water, such as the over application of fertilizer or pesticides, spills from industrial operations, infiltration of urban runoff, and leachate from landfills. The ground water also gets contaminated by natural leaching from geological deposits; thereby increasing the concentration of certain elements (such as calcium, magnesium, fluoride, iron, arsenic, strontium, selenium, etc.). This refers to geogenic contamination of ground water (Manouchehr et al. ) .
Presence of unfavourable concentration of fluoride in drinking water can cause dental and skeletal disorders. Fluoride concentration less than the optimum concentration (1 mg/L) in drinking may result in dental caries in children and during formation of teeth in children it leads to formation of weaker tooth enamel leading to early tooth decay. Fluoride enters the body through food, water, drugs, industrial exposure, etc. Drinking water is the major contributor (75-90% of daily intake). The major sources of fluoride in ground water are fluoride bearing rocks such as fluorspar, cryolite, fluorapatite and hydroxylapatite (Das & Attar ) .
Fluoride is beneficial for older people as it reduces hardening of arteries, it stimulates bone formation, and it is also helpful in the treatment of osteoporosis (Gray ) for various other applications including separating out some elements and have advantages such as long life, low cost, low maintenance, easy to handle, easy to recover and reuse, etc. Keeping all the above facts in view, the present study is focused on using polystyrene beads (diameter 1.5, 4 and 8 mm) as packed media and evaluating its performance in treating the ground water at flow rates of 1, 2, 3 and 4 L/min. The exhaustion time study was also carried out in order to determine the duration up to which the water can be treated using that quantity and size of beads.
MATERIALS AND METHODS

Ground water sample
This column study was carried out using ground water The population in this region of the city rely on ground water for all the activities as it is not connected with the city water supply authority. The ground water sample was obtained three times during the study period and it was sampled in the months of January and February 2012.
Defluoridation and deironing system
The system consisted of PVC column closed with end caps at both ends. The bottom end cap was fitted with an outlet nozzle. The top end cap was fitted with inlet nozzle and air vent nozzle. The bottom end cap was bonded to PVC column using adhesive whereas the top end cap was kept detachable in order to remove and replace the beads.
Mesh was placed at the bottom and top in order to avoid flow down of polystyrene beads from the column. The valve and other necessary plumbing arrangements provided are shown in Figure 1 . The specifications of the material used in experimental set up and fabrication of PVC column is given in Table 1 . Polystyrene beads used in this study were procured from the local manufacturing and marketing industry M/S Vijaya Enterprises, Mysore.
Column study
The column study was carried out using polystyrene beads as packed media in a PVC column. The sample was fed to the column from the sample tank by opening the inlet valve. Initially the outlet valve was kept closed until the column was completely filled by the sample. This was con- 
RESULTS AND DISCUSSION
The ground water sample was obtained three times during the course of this study and each sample (1, 2 and 3) was analyzed for iron and fluoride. The average concentration of Fe and F obtained by three test trials for each sample is furnished in Table 2 . The results indicated that concentration of iron and fluoride in water exceeds the drinking water quality standards prescribed by BIS 10500:2003 (Table 3 ).
The presence of exceeding concentration of iron and fluoride may be due to leaching of wash water coming out from automobile service stations and workshops located around the sampling point and also due to leaching of geogenic elements from the earth's strata.
The types of soil found in the areas of Mysore district, according to geological survey are red soils, lateritic soil, Ground water samples 1, 2 and 3 were used for polystyrene beads of size 8, 4 and 1.5 mm, respectively. Sample 1 was considered for determining the optimum flow rate.
The results obtained for column study using bead sizes 8, 4 and 1.5 mm diameter are furnished in Tables 4-6 , respectively, for all the considered flow rates.
From Table 4 it can be observed that as the flow rate increases removal of both fluoride and iron also increases.
This is because when the flow rate increases the depth of the mass transfer zone (MTZ) increases where active adsorption and ion exchange takes place. A similar trend was also observed for 4 and 1.5 mm beads sizes.
From Tables 4-6 the removal efficiency was observed to be comparatively slightly higher for larger size beads at all the flow rates. According to ion exchange kinetics, the ion transfer from the bulk of the solution to the static boundary layer (film) surrounding the surface of beads is independent of the size of the beads. The iron combines with CO 2 to form ferrous bicarbonate which is commonly known as 'clear water iron'. These ferrous ions are replaced by sodium ions present in the packed media and sodium is released to water by the ion exchange process. Similarly fluoride was also removed through ion exchange process as the polystyrene matrix acts as fluoride selective resin.
Exhaustion study
A resin is considered to be exhausted when the ions in the resin have mostly been replaced by the ions that are being removed from the water stream. When the resin gets completely saturated with iron and fluoride ions, henceforth, further continuation of flow will not remove the targeted ions from water. This is due to exhaustion of active exchange sites on polystyrene matrix. So, an exhaustion time study was carried out to estimate the duration of life of the media. This study was carried out for all the bead sizes (8, 4 and 1.5 mm) and was determined by considering iron as a test parameter as it was efficiently reduced and it can also be easily analyzed. Maximum removal efficiency achieved in column study was at 4 L/min flow rate.
Hence, 4 L/min flow rate was considered for this study.
In this study, the break point observed was the point at which the concentration of iron in the treated sample starts increasing significantly due to saturation of active exchange sites by the iron ions and further removal of iron is not possible. The ground water sample was passed through the column at constant flow rate until the break point was achieved.
The samples were drawn for 2 min intervals. Initially the iron concentration in treated water remained near to constant values until the breakthrough was achieved. 
CONCLUSION
This study proves that polystyrene beads, when used as packed media, have the potential to significantly reduce the fluoride and iron concentrations from the water. It also showed that when the flow rate is increased the removal efficiency increases.
From exhaustion time studies, 75 cm depth 1.5 mm polystyrene beads packed column can be used for 48 min duration at a continuous flow rate of 4 L/min. It was noted that when bead size was decreased the exhaustion time increased due to increase in contact surface area.
Bead sizes of 8 and 4 mm also gave good exhaustion time durations of 18 and 10 min, respectively.
This packed media column used for removal of fluoride and iron does not use any electricity and it is completely operated manually. Operation is simple and it is built using easily available materials. Hence, it can be a lowcost and effective method for removal of fluoride and iron from the water containing high levels of iron and fluoride.
The study can be further continued by supersaturating the polystyrene matrix with sodium chloride for reducing the hardness of water. 
